ABSTRACT
INTRODUCTION
Numerous plants are capable of producing bioactive compounds, perhaps as a chemical defense mechanism against predation or infection. The recent interest in larvicidal compounds from higher plants is largely a result of the many problems associated with the extensive use of synthetic insecticides which are an increasing hazard to human health and the environment. Yellow fever is an arbovirus disease common in West Africa and South America. It is transmitted by mosquitoes of several genera, most frequently Aedes aegypti. This mosquito of the subfamily Culicinae is also the vector of dengue hemorrhagic fever, which is endemic to SouthEast Asia, the Pacific area, Africa and the Americas (Maillard et al., 1993) .
It is important to find new insecticidal or larvicidal compounds against A. aegypti as resistance is developing quickly to presently used chemicals such as dieldrin (Manson-Bahr and Apted, 1982) . So far few attempts have been made to test desert plants for larvicidal compounds. The working hypothesis that guided the present research is that desert flora, albeit more limited in the number of species compared to tropical flora, have evolved under quite unique biotic and abiotic conditions (temperature extremes, drought, salinity and intense radiation) which have induced them to evolve unique chemical compounds. "Bedouin market" plant products which are used traditionally by the local pop-ulation have been selected over the ages for their nutritive qualities and medicinal potency. They may also be a source of bioactive compounds.
It is interesting to note that many chemicals which are toxic to insects often show therapeutic activity in humans (Cox and Balick, 1994) , this means that in addition to their usefulness as insecticidal compounds, screening may be useful for a preliminary selection of species with therapeutic potential.
MATERIALS AND METHODS

Plant Collection
Ethnobotanical information gathered from Bedouin communities of Beer Sheva area, and literature reports on desert medicinal plants (Shuqayr, 1916; El-Aref, 1974; Bailey and Danin, 1981; Abu-Rabia, 1983; Boulos, 1983; Palevitch and Yaniv, 1991) (Tables 1 and 2) , served just as general guidance for initial selection of desert plants with potential biological activity. Plant samples were collected during April and May, 1994. Species nomenclature is according to Feinbrun-Dothan and Danin (1991) . Voucher specimens are preserved at Jacob Blaustein Institute of the Ben-Gurion University of the Negev, Israel. The list of species collected and plant parts analyzed are summarized in Table 1 . Plants and seeds commonly used by Bedouins were purchased in the Bedouin market of Beer Sheva and are shown in Table 2 .
These samples were identified according to seed structure and/or characteristic features (e.g., color and shape). All plants were oven dried at 40°C for 5 days, powdered mechanically and stored at room temperature for screening for larvicidal activity.
Aqueous Plant Extract
Plant powder was extracted with distilled, de-ionized water in a ratio of 100 mg:1 ml by shaking for 4 h in a 40°C water bath. The extract was centrifuged on a Kubota KS-5200C centrifuge at 2270 ϫ g at room temperature. The supernatant was stored in aliquots at Ϫ20°C until used for screening tests.
Larvicidal Bioassay
Mosquito (Aedes aegypti) eggs were hatched in tap water at 26-28°C. Four-day old larvae were exposed to the aqueous plant extracts. The larvae (20) were transferred with a Pasteur pipette to the test tubes containing 10 ml of aqueous extract. The control consisted of larvae in de-ionized water. Mortality was determined by counting the dead larvae. The estimation of toxic potential was based on the time until death of larvae. Based on mortality rate, the toxicity is depicted as high toxicity (3 h), moderate toxicity (6 h) and low toxicity (12 h). These levels are represented by ϩϩϩ, ϩϩ and ϩ, respectively. Plants which showed high toxicity levels against mosquito larvae were chosen for LC 50 determination and expressed in mg of water soluble compounds.
Determination of Lethal Concentration (LC 50 )
The effect of several dilutions 1: 0, 1: 1, 1: 2, 1: 3 and 1: 4 of the aqueous plant extract on the mortality of Aedes aegypti larvae was determined by counting dead larvae after 12 h of treatment. A curve of mortality rate versus extract concentration (mg water soluble compounds per ml) was used to obtain the concentration at which 50% of larvae were dead (LC 50 ).
Cytotoxicity Assay of Plant Extract on Melanoma Cells in vitro
The aqueous plant extract of G. arabica was fractionated into molecular size fractions. The Amicon Diaflo ultrafilters and Centricon microconcentrators were used. Fractionation was done at the following molecular weight cut-off: 10,000; 3,000.
Cytotoxic effect of fractions was tested on BG melanoma cell line as described by Begg and Mooren (1989) .
RESULTS AND DISCUSSION
The results of larvicidal activity of desert plants collected in the Negev Desert and the Bedouin market are shown in Tables 1 and 2 , respectively. Among the 63 species screened, 7 showed high toxicity, 4 showed moderate toxicity, 5 showed low toxicity and 47 plants showed no toxicity.
Ethnobotanical information collected from Bedouins on the Negev plants showed that many of them have potential biotechnological uses (Bailey and Danin, 1981; Abu-Rabia, 1983; Friedman et al., 1986; Palevitz and Yaniv, 1991) . Their potential for larvicidal activity, however, had not yet been reported.
Seven plants showed high toxicity to mosquito larvae. The LC 50 of the high larvicidal plant extracts is shown in Table 3 . Nicotiana rustica leaves were reported to have vermifuge, parasitic, antiseptic and wound healing effects (Boulos, 1983) . The larvicidal effect may be due to the well-known narcotic com-266 pounds in this species, e.g., nicotine (Prasad and Karna, 1988) . The larvicidal activity found in Anabasis articulata may be related to the insecticidal alkaloid (anabasine) which was reported in Anabasis aphylla of the same genus (Chopra et al., 1960) . The epigeal parts of P. harmala are known to contain various beta-carbolines (e.g. harmaline and harmine), which may be the reason for the lethality to mosquitoes (Shapira et al., 1989) . The larvicidal activity of Gypsophila arabica aqueous root extract was 2-fold higher than in the aerial parts (data not shown). There are no reports on the larvicidal activity of G. arabica, a native species of the Negev desert. The presence of saponins was reported in three species of the genus Gypsophila, i.e. G. struthium, G. paniculata and G. fastigiata (Paris and Dilleman, 1960; Sung et al., 1995) . Screening cytotoxicity against melanoma cells in vitro with aqueous extracts of the desert plants showed that Gypsophila arabica has strong cytotoxicity against the melanoma cells (Fig. 1) . The LC 50 of G. arabica root extract (Ͼ 10 kda mw fraction) on melanoma bg cell line was 8.6 µg/ml (Fig. 1) , substantially lower than the aerial parts extract (34.3 µg/ml), analogous to the larvicidal effect. Isolation and characterization of the active compound(s) from G. arabica is in progress in our laboratory. McLaughlin et al. (1993) reported that testing of medicinal plants in an assay such as 'brine shrimp assay' may also lead to the parallel identification of plant antitumor compounds.
Isolation and identification of larvicidal compounds from desert plants may add to the arsenal of methods to control mosquitoes in tropical and third world countries where yellow fever and malaria are common diseases transmitted by mosquitoes. The screening for larvicidal compounds may also be used as a preliminary step in the search for anticancer compounds from plants. 
